WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa) Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
G01N 33/02, 37/00 



Al 



(11) International Publication Number: WO 99/12030 

(43) International Publication Date: 1 1 March 1999 (1 1,03.99) 



(21) International Application Number: PCT/US98/ 18282 

(22) International Filing Date: 3 September 1998 (03.09.98) 



(30) Priority Data: 

08/922,599 



3 September 1997 (03.09.97) US 



(71) Applicant: RECOT, INC. [US/US]; Suite 460, 5000 Hopyard 

Road, Pleasanton, CA 94588 (US). 

(72) Inventors: FOLEY, Mary, M.; 4156 Clary Drive, The Colony, 

TX 75056 (US). LANCASTER, Beaufort, M.; 1540 Snow 
Trail, Lewisville, TX 75067 (US). 

(74) Agents: NEWLAND, Bart, G. et al.; Rothwell, Figg, Ernst & 
Kurz, Columbia Square. Suite 701 East, 555 1 3th Street, 
N.W., Washington, DC 20004 (US). 



(81) Designated States: AU, BR. MX. 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD FOR DETERMINING FORCED CHOICE CONSUMER PREFERENCES BY HEDONIC TESTING 
(57) Abstract 

The present invention recognizes and takes advantage of the fact that there is a correlation between a consumer's overall like or 
dislike of two particular products (hedonic test results), each evaluated individually, and the likelihood that the consumer will choose one 
product over the other (forced choice test results) in a forced choice comparison. Taking advantage of this correlation, it is possible to 
determine the likelihood that a consumer will choose one product over another product of the same type simply by conducting hedonic 
testing and without specifically conducting forced choice testing. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


Bj 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvotre 


KP 


Democratic People' i 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DB 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/12030 



PCT/US98/18282 



METHOD FOR DETERMINING FORCED CHOICE 
CONSUMER PREFERENCES BY HEDONIC TESTING 

Field of the Invention 

The invention relates to consumer testing in general 
and, more particularly, to consumer preference testing. 

Background of the Invention 

In consumer testing, e.g., testing that a company 
conducts to determine how well its product will be 
received by the intended consumer group, there are a 
number of different testing protocols that are followed. 
In hedonic testing, a consumer is presented with product 
samples, e.g., salty snacks such as pretzels or potato 
chips; cookies; toilet paper; etc., and is asked to 
evaluate each of several different products of a given 
type on a number of different qualities or product 
characteristics. For example, the test subject may be 
asked to evaluate potato chips for saltiness, flavor, 
appearance, texture, "mouth feel," etc. 

When conducting hedonic testing, it is customary to 
have the test subject rate each parameter on a Likert 
scale, i.e., a scale having discrete integer values 
ranging from a low value (e.g., disliked extremely) to a 
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high value (e.g., liked extremely). Likert scales for 
hedonic testing typically require a response from 1 to 5, 
1 to 7, or 1 to 9. For consumer testing of food products, 
a nine-point Likert scale customarily is used, with a 
5 response of 9 indicating that the consumer liked the 

particular quality being evaluated extremely; a response 
of 8 indicating that the consumer liked the quality being 
evaluated very much; 7 indicating that the consumer liked 
it moderately; 6 indicating that the consumer liked the 

10 quality slightly; 5 indicating that the consumer neither 
liked nor disliked the quality; 4 indicating that the 
consumer disliked the quality slightly; 3 indicating that 
the consumer disliked it moderately; 2 indicating that the 
consumer disliked it very much; and 1 indicating that the 

15 consumer disliked the quality being evaluated extremely. 
In addition to evaluating the individual qualities, the 
test subject typically is asked to provide a Likert scale 
rating indicating how well he or she liked the product 
overall, i.e., taking into account all factors or 

20 qualities which he or she has been or will be asked to 
evaluate. 

Usually, the test subject is asked to indicate his or 
her liking or evaluation of the same characteristics or 
qualities of several products of the same type, e.g., 
25 several brands of pretzels or cookies. In sequential 
monadic testing, the consumer provides a complete 
evaluation for a given product before providing a complete 
evaluation for another product. In other words, a 
consumer testing potato chips, for example, indicates his 
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or her liking of the taste, crunch, saltiness, aroma, and 
overall liking of brand X potato chips, then indicates his 
or her liking of the taste, crunch, saltiness, aroma, and 
overall liking of brand Y potato chips, (This is in 
5 contrast to having a consumer provide a response for, 
e.g., the taste of brand X, then the taste of brand Y, 
then the crunch of brand X, then the crunch of brand Y, 
then the saltiness of brand X, then the saltiness cf brand 
Y, etc.) 

10 Finally, when the consumer has completed his 

sequential monadic evaluation of all the products being 
tested — typically no more than three or four different 
products are tested in a given test setting — the 
consumer is asked to indicate which of two given products 

15 he or she likes better, e.g., whether he likes W or X 

better; whether he likes W or Y better; whether likes W or 
Z better; whether he likes X or Y better; whether he likes 
X or Z better; and whether he likes Y or Z better. This 
latter testing is referred to as forced choice testing, 

20 i.e., the consumer is forced to choose which product he or 
she prefers from among a forced selection of two possible 
products. 

In certain situations, it is not possible or feasible 
to conduct forced choice testing, e.g., when the product 
25 flavors are so strong that tasting more than two products, 
or tasting the products a second time to select a 
preference, is precluded. Alternatively, time limitations 
may be such that adding the task of additional forced- 
choice comparisons among all combinations of products is 
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unreasonable and/or excessive. Thus, in such situations, 
it may be difficult to obtain meaningful forced choice 
data. For example, as the number of products being 
evaluated increases, so too does the number of possible 
5 forced choice pairings, but at a faster rate than the 
number of products increases. • Other difficulties or 
problems with forced choice testing include the following: 
1) the most accurate and reliable product assessment 
generally is considered to be the initial reaction to the 

10 product, not a response that comes after answering 

questions about individual taste, appearance, and texture 
details, etc; 2) the respondents' decreasing memory of 
the samples becomes problematic if the samples are not 
available for re-sampling, but sensory fatigue {overload 

IS of the taste senses) becomes an issue if they are; and 3} 
the last product seen and sampled and the last question 
asked may influence the preference unevenly. 

Swgnarv of the Invention 

In the present invention, we have recognized and 

20 taken advantage of the fact that there is a correlation 
between a consumer's overall like or dislike of two 
particular products (hedonic test results), each evaluated 
individually, and the likelihood that the consumer will 
choose one product over the other (forced choice test 

25 results) in a forced choice comparison. Thus, it is 

possible to determine the likelihood that a consumer will 
choose one product {product A) over another product 
{product B) of the same type simply by conducting hedonic 
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testing and without specifically conducting forced choice 
testing. 

Thus, according to a first aspect of the invention, a 
method is provided for determining forced-choice 
5 preference information from hedonic test data. The method 
entails obtaining a test group of human test subjects and 
providing each of the test subjects in the group with two 
or more test samples. The test subjects are asked to 
sample each of the two or more test samples and provide 

10 hedonic test data indicative of how well they liked each 
of the test samples. The hedonic test data is then 
processed from all of the test subjects to determine at 
least one predicted forced choice preference result, the 
predicted forced choice preference result being indicative 

15 of the likelihood that a test subject would select one of 
the test samples over another one of the test samples in a 
forced choice comparison between a selected pair of test 
samples. 

In a preferred embodiment of the method of the 
20 invention, of a pair of test samples being compared, a 
stronger test sample and a weaker test sample are 
determined. For each test subject, an overall-liking 
difference value is determined, the overall-liking 
difference value being based on the overall-liking value 
25 the given test subject assigned to the stronger test 
sample minus the overall-liking value the given test 
subject assigned to the weaker test sample. Then, for 
each possible overall-liking difference value, the number 
of occurrences of that possible value is determined. For 
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each possible overall-liking difference value, the number 
of occurrences of that value is multiplied by a 
probability coefficient to determine a corresponding 
subset number which represents the number of test subjects 
in a correlative, proportionate subset of the test 
subjects yielding that particular possible overall-liking 
difference value that would choose the stronger test 
sample over the weaker test sample in a forced choice 
comparison between the two. The subset numbers 
corresponding to each of the possible overall-liking 
difference values are then totaled to determine the total 
number of test subjects who would choose the stronger test 
sample over the weaker test sample in a forced choice 
comparison between the two. The preference for the 
stronger test sample may then be expressed by dividing the 
total number of subjects who would choose the stronger 
test sample over the weaker test sample in a forced choice 
comparison by the number of test subjects in the whole 
test group. 

Preferably, the stronger test sample is the one of 
the two samples being compared with the larger average or 
mean overall-liking value. Furthermore, it is preferable 
for the hedonic test data to be obtained in integral, 
Likert scale format such that the overall-liking 
difference value, which equals the overall-liking value 
for the stronger test sample minus the overall-liking 
value for the weaker test sample, falls within a range of 
discrete integer values. 
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Thus, by utilizing the method according to the 
invention, the drawbacks to forced choice comparison 
testing noted above are substantially avoided. 

np^fipt ion of the Drawings 

Fig. 1 is a graph showing the correspondence between 
actual measured preference proportion values and 
preference proportion values determined by logistic 
regression analysis thereof; and 

Figs, 2 and 3 are scatterplots showing the error 
between predicted preference values and actual preference 
values for consumer tests used to develop the model of the 
invention and to test the model, respectively. 
HPt ailed Description of the Invention 

As noted above, the invention recognizes and takes 
advantage of the fact that there is a correlation between 
the hedonic test score a test subject gives for the 
overall iikability of each of two different products and 
the likelihood that the test subject will choose one 
product over the other. Specifically, we have discovered 
that the greater the difference in overall liking of two 
different products (as measured on a hedonic scale), the 
greater the probability that a test subject (i.e., a 
consumer) will choose, in a forced choice preference 
situation, the product to which he or she assigned the 
greater overall liking score. 

For purposes of understanding our invention, we 
believe it is preferable to explain or demonstrate how our 
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approach is used in practice, and then to explain how the 
model we use in our method was developed. 

gopdrefctag tpq Testing 
First, a number of respondents or test subjects that 
5 is large enough to obtain accurate product evaluation 

scores, i.e., on the order of sixty to one hundred twenty, 
is determined according to standard statistical analysis 
and consumer testing protocols and obtained. When 
conducting the tests, each respondent is asked to evaluate 

10 two or more samples of the same type of product, e.g., two 
or more different brands of potato chips, cookies, bagels, 
etc. To ensure meaningfulness of the test results, it is 
generally necessary that the respondents be users of the 
specific products or product category being tested. The 

15 respondents evaluate one sample at a time, completing a 
questionnaire for each sample before evaluating the next 
product. In other words, the testing is conducted in 
sequential monadic fashion. The products should not be 
labeled or branded, i.e., there should be "blind" 

20 presentation of the samples. The serving order should be 
balanced, i.e., each possible serving order should be used 
equally. If this is not possible, each sample product 
should be presented as the first sample an equal number of 
times. 

25 The first survey question should ask about the 

respondent's overall liking of the product and, for food 
products, for example, may be worded along the lines of 
"Considering everything about this sample — appearance, 
flavor, and texture — how well do you like it overall?" 
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The respondent provides his or her response, preferably on 
a nine point Likert scale as described above. The 
respondent may then be asked a number of other questions 
pertaining to specific attributes of the product. No 
5 forced choice preference question is asked. 

Once all respondents have been tested, forced choice 
preferences are determined as follows. First, the average 
overall-liking score for each product (the sum of all 
respondents' overall-liking scores for a given product 

10 divided by the total number of respondents) is calculated. 
Two different products for which it is desired to 
calculate the forced choice preference are then selected. 
Of these two products, the one having the larger average 
overall-liking score is designated the "stronger product" 

15 (or "product A"), and the other is designated the "weaker 
product" (or "product B") . 

The overall-liking difference between product A and 
product B is then determined for each respondent by 
subtracting each respondent's product B overall-liking 

20 score from his or her product A overall-liking score. 

Because the preferred scale is a 1-9 Likert scale on which 
only integer responses are possible, the overall-liking 
difference for each respondent will range from a highest 
possible value of 8 (indicating that the particular 

25 respondent liked product A extremely and assigned it an 

overall-liking value of 9 and disliked product B extremely 
and assigned it an overall-liking value of 1) to a lowest 
possible value of -8 (indicating that the particular 
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respondent liked product B extremely and disliked product 
A extremely) . 

Once all respondents' overall-liking difference 
values have been determined for each of the two products 
being compa'red, a "frequency table" is developed, i.e., 
the number of respondents demonstrating each of the 
possible overall-liking difference values (product A 
overall-liking value minus product B overall-liking value) 
is determined. This is shown by the information in column 
1 (overall-liking difference, product A over product B) 
and column 2 (number of respondents yielding a particular 
overall-liking difference value) in Table I below, which 
presents an exemplary set of data. The respondents' 
specific overall-liking scores are not important — just 
the difference between them. Thus, a respondent who gives 
product A an 8 and product B a 6 is counted in the "2 
bucket" of the "frequency table" to the same extent a 
respondent who gives product A a 5 and product B a 3 is. 
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Number of 
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-2 


12 


0.06849 


0.82188 


-1 


15 


0.20316 


3.04740 


0 


20 


0.53073 


10. 61460 


1 


10 


0.79684 


7.96840 


2 


12 


0.93151 


11.17812 


3 


9 


0.97924 


8.81316 


4 


9 


0.99392 


8194528 


5 


8 


0.99824 


7.98592 


6 


0 


0.99949 


0.00000 


7 


1 


0.99985 


0.99985 


8 


0 


0.99996 


0.00000 




total 
respondents : 
119 




Total 
preferring 
product A: 

60 . 61 ; 
Preference 
for product 
A: 50.93% 



Table I 



After determining the number of respondents (Col. 2) 
yielding each possible overall-liking difference value 
(Col. 1), the number of respondents for each overall- 
25 liking difference value is multiplied by an empirically 
derived probability coefficient (Col. 3) to obtain, for 
each overall-liking difference value, the portion or 
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subset of respondents who would prefer the stronger 
product, i.e., product A. (The manner in which the 
probability coefficients are determined is described 
below.) Thus, each probability coefficient represents the 
5 likelihood that a given respondent, for whom the 

difference between his or her overall-liking of product A 
and product B is a particular value, would prefer product 
A to product B if forced to choose between the two. 

In other words, referring to exemplary Table I, out 

10 of 100,000 people each yielding an overall-liking 

difference of, for example, -8 (i.e., they disliked 
product A extremely and assigned it an overall-liking 
value of 1, but liked product B extremely and assigned it 
an overall-liking value of 9), only four seemingly would 

15 contradict their respective ratings and choose product A 
over product B when forced to chose between the two. On 
the other hand, out of 100,000 respondents for each of 
whom the overall-liking difference value is 8 (i.e., they 
liked product A extremely and gave it an overall-liking 

20 value of 9, but disliked product B extremely and gave it 
an overall-liking value of 1), 99,996 actually would 
choose product A over product B when forced to choose 
between the two. Hence, the number of respondents 
yielding a given overall-liking difference value 

25 multiplied by the probability coefficient for that 

overall-liking difference value yields the portion or 
subset of that group of respondents that would choose 
product A over product B in a forced choice comparison 
between the two (mindful of the fact that fractional 
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numbers of people cannot exist, but realizing that, for 
much larger test populations than the 119 respondents 
whose test results are reflected in Table I, "fractional 
people" become negligible) . 
5 (With respect to the probability coefficient 

corresponding to an overall-liking difference of zero, one 
might expect the probability coefficient to be 0.5000, 
indicating that half the population would select product A 
in a forced choice scenario and half the population would 

10 select product B in a forced choice scenario. The fact 
that this is not the case is believed to result from the 
fact that the probability coefficients are determined by 
curve-fitting empirical data, as explained below. It is 
also believed to reflect the fact that the Likert scale is 

15 discrete, i.e., it permits only integer values to 

represent the respondents' like or dislike of a given 
product, whereas a continuous scale would have allowed the 
respondents to show slightly greater or slightly less like 
of one product, which would be consistent with the 

20 slightly greater preference for product A represented by 
the probability coefficient being slightly greater than 
0.5000.) 

After the portion or subset of respondents that would 
select product A over product B is determined for each 
25 overall-liking difference value (Col. 4), the portion 
values are totaled to obtain the total number of 
respondents that would select product A over product B in 
a forced choice comparison. With respect to Table I, it 
is predicted that 60.61 respondents out of the 119 whose 
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sample test data are reflected in Table I would have 
chosen product A over product B in a forced choice 
comparison. This represents a 50.93% preference for 
product A (60.61 -r 119) or, in other words, 5,093 
5 respondents out of 10,000 would select product A over 
product B in a forced choice comparison. 

It should be appreciated that this methodology can be 
used to predict the likelihood that any one product 
selected from a group of several sample products will be 

10 selected over any other product selected from the same 
group of sample products without actually having to 
conduct the various permutations of forced choice 
comparisons. The limit, if any, of the number of sample 
articles for which such forced choice comparison data can 

15 be calculated meaningfully from the Likert scale test data 
is not presently known. 

Determination of Probability Coefficients 

As noted above, the probability coefficients used in 
the method are empirically derived. To develop the set of 

20 probability coefficients (Column 3 of Table I above) and 
to verify the accuracy of this novel approach to 
determining forced choice preferences, fifty-six central 
location tests were conducted covering a wide range of 
snack food-type products, namely, potato chips, novelty 

25 puffs, tortilla chips, dip/salsa, seasoned tortilla chips, 
tortillas, and multi-grain chips. The number of tests and 
the number of test subjects (respondents) for each type of 
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product tested for purposes of developing the probability 
coefficients is indicated in Table II below. 



Product Type 


Number of Tests 


Number of Subjects 


potato chips 


6 


702 


novelty puffs 


1 


119 


tortilla chips 


2 


233 


dip/salsa 


5 


559 


seasoned tortilla 
chips 


1 


118 


tortillas 


3 


313 


multi-grain chip 


2 


236 



In each test, between sixty and one hundred twenty- 
one respondents evaluated two different product samples. 

15 Samples were served in plain white souffle cups coded with 
the same three-digit number for both the hedonic scale and 
the preference questions. The test subjects answered the 
hedonic scale questions with the samples presented in 
sequential monadic fashion, balanced for presentation 

20 order. When being asked the forced choice preference 
question, respondents were presented with the same two 
sample products simultaneously, with an opportunity for 
re-tasting if desired. 

Variables that differed between samples being 

25 compared included product brand, line quality product 
versus gold standard product, different oils and/or 
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seasonings, and even a new fryer configuration versus an 
older fryer configuration. The large variety of products 
and test conditions (test parameters) was used so that the 
conclusions from the modeling, i.e., the probability 
5 coefficients, would be more broadly applicable. In other 
words, the probability coefficients developed by the 
testing discussed hereir) probably could be used for all 
different types of snack food products, if not for all 
different types of food products in general. (We do not 

10 know, however, whether the probability coefficients 

disclosed herein could be used to obtain forced choice 
preference data for products that are quite different from 
snack food products, e.g., cars or televisions.) If the 
number of different products included in developing the 

15 probability coefficients was statistically small, the 

validity of our conclusions would be much more restricted. 

The composite forced choice preference test results 
from the twenty different tests summarized in Table II 
then were processed to determine, for each possible 

20 overall-liking difference value, the number of test 

subjects who yielded that overall-liking difference value, 
as shown in Columns 1 and 2 of Table III below. 
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Overall-Liking 
Difference 
Value 


Number of 
Subjects 


Subjects Choosing 
Product with Higher 
Overall-Liking Value 


Proportion 


0 


591 


291" 


0. 492 


1 


809 


671 


0.829 


2. 


442 


419 


0. 948 


3 


202 


190 


0. 941 


4 


115 


114 


0. 991 


5 


68 


67 


0. 985 


6 


35 


33 


0. 943 


7 


15 


15 


1 


8 


3 


3 


1 



This is the number that chose the sample with the 
higher mean acceptability, i.e., the stronger product of 
the two being compared in any given forced choice 
comparison. 

Table III 



(The "Number of Subjects" might actually more properly be 
designated "Number of Occurrences" since it is the actual 
number of times a given overall-liking difference value 
occurred, and that particular value could have been 
demonstrated more than once by a given test subject or 
respondent if that test subject or respondent participated 
in more than one test, e.g., by testing more than one 
product type.) 

The proportion of respondents (Column 4 of Table III) 
who, in the forced choice comparisons, chose the product 
to which he or she had assigned the higher overall-liking 
value was then determined by dividing the number of 
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subjects who, in the forced choice comparison, picked the 
product to which he or she had assigned the higher 
overall-liking value (Column 3 of Table III) by the number 
of subjects exhibiting the given overall-liking difference 
5 value (or the number of occurrences of that value), i.e., 
Column 2 of Table III. (Like the "Number of Subjects" 
demonstrating a particular overall-liking difference value 
(Column 2 of Table III), the "Number of Subjects Choosing 
the Product With the Higher Overall-Liking Value" (Column 

10 3 of Table III) might also more properly be termed the 

number of occurrences of a test subject choosing the more 
well-liked product for the same reason explained ■ above . ) 

Once the proportion (Column 4 of Table III) of 
subjects choosing, in a forced choice comparison, the 

15 product to which he or she assigned the higher overall- 
liking value was determined for each possible overall- 
liking difference value, a dose-response curve was 
determined using logistic regression analysis, with each 
overall-liking difference value constituting an abscissa 

20 or x-axis value and the corresponding proportion 

constituting the ordinate or y-axis value. (It should be 
noted that no negative overall-liking difference values 
were considered in this step of the analysis since the 
focus of the analysis at this point was on respondents 

25 who, in the forced choice comparison, chose the product to 
which they had assigned the greater overall-liking value, 
not the respondents who seemingly contradicted themselves 
ana chose the product to which they had assigned the lower 
overall-liking value.) The linear logit regression model 



WO 99/12030 



PCTAJS98/18282 



(Agresti, 1990) was chosen to model or curve-fit this 
system because it is appropriate for logistic regression 
analysis when the response variable (the proportion who, 
in the forced choice comparison, chose the product to 
5 which they had assigned the higher overall-liking value) 
is binomial. (The response variable here was binomial in 
the sense that the subjects did or did not choose the 
sample to which they had assigned the higher overall- 
liking value,) 

10 The linear logit model can be written in general as: 

In [p/(l-p) ] = a + (5x, (1) 

where 

p is the proportion choosing the higher overall- 
liking value product in the forced choice comparison 
15 (Column 4 of Table III), i.e., the response or y-axis 
value; 

a is a constant; 

x is the dose or abscissa value, i.e., the overall- 
liking difference value (Column 1 of Table III); and 
20 3 is a coefficient of the x-axis variable. 

The logistic regression procedure PROC LOGISTIC from 
the SAS statistical software package (SAS Institute, 1990) 
was then used to estimate the constant a and the 
coefficient (3 in the equation above as a = 0.1231 and (J = 
25 1.2435. The model equation then becomes 

In [p/(l-p)] - 0,1231 + 1.2435X (2) 

or, 

P = p t0.1231 +1.2435x1 ( 3 J 

e (0.1231 +1.2435x1 + j 
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Equation (3), which was derived by curve-fitting 
empirically determined data, was then used to calculate 
the predicted proportion value for each of the non- 
negative overall-liking difference values, as shown in 
5 Column 3 of Table IV below, THESE ARE THE PROBABILITY 
COEFFICIENTS SHOWN IN COLUMN 3 OF TABLE I FOR THE NON- 
NEGATIVE OVERALL-LIKING DIFFERENCE VALUES (shown to three 
decimal places) AND USED IN ACTUALLY CONDUCTING A "LIVE" 
TEST AS DESCRIBED ABOVE. 



Overall-Liking 
Difference 
Value 


Measured 
Proportion (From 
Table III) 


Predicted 
Proportion 


95% Confidence 
Limits 


0 


0.492 


0.531 


0.493 - 0.568 


1 


0.829 


0.797 


0.776 - 0.816 


2 


0.948 


0. 932 


0.915 - 0.945 


3 


0.941 


0.979 


0.970 - 0.986 


4 


0.991 


0. 994 


0.990 - 0.996 


5 


0.985 


0.998 


0.997 - 0.999 


6 


0. 943 


0. 999 


0.999 - 1.000 


7 


1 


1 


0.9996 - 1.000 


8 


1 


1 


0.9999 - 1.000 



Column 4 of Table IV shows the 95% confidence limits 
for the predicted proportions in column 3 of Table IV. In 
25 other words, if this analysis were conducted one hundred 
times using one hundred independent sets of data, ninety^- 
five of the calculated predicted proportions (column 3 of 
Table IV) would be between 0.493 and 0.560 for an overall 
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liking difference value of 0, for example. The same 
applies for each row of the table as well. Graphically, 
Figure 1 shows how close the predicted proportion values 
(calculated from Equation (3)) are to the actual 
5 proportion values as measured by the test data. 

The predicted proportion values (Column 3 of Table 
IV) are then "extended" to cover negative overall-liking 
difference values by assuming "symmetry." In other words, 
because a negative overall-liking difference value 

10 indicates that a particular respondent assigned a higher 
overall-liking value to the weaker product or product B 
than to the stronger product or product A (recalling that 
the designation of one product as the stronger product 
(product A) and the other as the weaker product (product 

15 B) is based on the two products 1 relative average overall- 
liking values), the probability that a respondent for whom 
the overall-liking difference value is negative would 
choose product A in a forced choice comparison is assumed 
to be one minus the probability that a respondent for whom 

20 the overall-liking difference value is positive and of the 
same absolute value would choose product A in a forced 
choice comparison. To demonstrate this symmetry by way of 
an example, the predicted proportion corresponding to an 
overall-liking difference value of 2 is 0.932 (Column 3 of 

25 Table IV) ; the predicted proportion corresponding to an 
overall-liking difference value of -2 is 1 - 0.932, or 
0.068 as expressed to three decimal places. 

Thus, the complete set of probability coefficients 
(representing the probability that product A would be 
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chosen over product B in a forced choice comparison) is 
shown in Table V to three decimal places, and these 
probability coefficients are the same probability 
coefficients shown in Table 1/ above, to five decimal 
5 places. 



Overall-Liking 
Difference Value 
(Product A - 
Product B) 


Probability 
of Product 
A Being 
Chosen 




Overall-Liking 

Difference 
Value (Product 
A - Product B) 


Probability 
of Product A 
Being Chosen 


-8 


0 




1 


0.797 


-7 


0 




2 


0.932 


-6 


0. 001 




3 


0.979 


-5 


0.002 




4 


0. 994 


-4 


0. 006 




5 


0.998 


-3 


0.021 




6 


0.999 


-2 


0.068 




7 


1 


-1 


0.202 




8 


1 


0 


0. 531 









Table V 



20 Finally, the accuracy of our novel approach to 

deriving forced choice comparison information from hedonic 
testing data is illustrated in Figures 2 and 3. Fig. 2 is 
a scatterplot showing the difference between the actual 
(i.e., measured) forced choice comparison result and the 

25 predicted (i.e., calculated by our method) forced choice 
comparison result for each of the twenty tests summarized 
in Table II above and used to estimate a and 3 in equation 
(1) above. In each case, the predicted value was for the 
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sample having the higher average overall-liking vaiue, 
i.e., the stronger product or product A. Seventeen of the 
twenty actual forced choice preference values have 95% 
confidence intervals that extend so as to include the 
5 forced choice comparison results predicted by our model. 

Moreover, because one reasonably would expect to see 
such close correlation when making the comparison using 
the tests on which the model coefficients were based, we 
also used our model to calculate forced choice comparison 
10 results for thirty-six additional central location tests, 
the results of which were not used in deriving the 
probability coefficients. Those thirty-six tests are 
summarized in Table VI below. 



Product Type 


Number of Tests 


Number of Subjects 


potato chips 


7 


813 


cookies 


6 


639 


tortilla chips 


7 


795 


dip/salsa/picante 


6 


673 


Mexican foods 


3 


268 


tortillas 


2 


230 


multi-grain chips 


1 


120 


pretzels 


4 


427 



TafrlQ VI 



Fig- 3 is a scatter plot, similar to Fig. 2, showing 
25 for each of the thirty-six tests summarized in Table VI 
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the difference between the actual forced choice comparison 
result and the result predicted by our model. Thirty- 
three of the 95% confidence intervals for these thirty-six 
actual preference percentages extend so as to include the 
5 preference percentage predicted by our model. Thus, out 
of fifty-six total tests (20 used to generate the model 
and thirty-six used to "test" it), only six yielded 
predicted preference percentage values not within the 95% 
confidence interval of the actual test result value. 

10 These discrepancies are almost completely accounted for by 
large deviations from a 50/50 split among subjects showing 
no difference in overall-liking values. 

It will be appreciated by those having skill in the 
art that the concepts and methodologies disclosed herein 

15 can be extended in numerous ways, and such extensions of 
our approach are deemed to be within the scope of the 
following claims. 
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Claim? 

1. A method for determining forced-choice preference 
information, said method comprising: 

obtaining a test group, said test group comprising a 
5 plurality of human test subjects; 

providing each of said test subjects with two or more 
test samples; 

causing each of said test subjects to sample each of 
said two or more test samples; 

10 obtaining from each of said test subjects hedonic 

test data indicative of how well each of said test 
subjects liked each of said test samples; and 

processing the hedonic test data from all of said 
test subjects to determine at least one predicted forced 

15 choice preference result, said at least one predicted 

forced choice preference result being indicative of the 
likelihood that a test subject would select one of said 
test samples over another of said test samples in a forced 
choice comparison of a pair of said test samples. 

2. The method of claim 1, wherein said hedonic test 
data comprises overall-liking values assigned by each of 
said test subjects to each of said test samples, and 
wherein said processing comprises: 

5 of said pair of test samples, determining a stronger 

test sample and a weaker test sample; 

for each of said test subjects, determining an 
overall-liking difference value, the overall-liking 
difference value for a given test subject being determined 
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10 based, on the overall-liking value said given test subject 
assigned to the stronger test sample minus the overall- 
liking value said given test subject assigned to the 
weaker test sample and falling within a range of possible 
overall-liking difference values; 

15 for each possible overall-liking difference value, 

determining the number of occurrences of the possible 
overall-liking difference value; 

for each possible overall-liking difference value, 
multiplying the number of occurrences of the possible 

20 overall-liking difference value by a probability 

coefficient to determine a corresponding subset number for 
each possible overall-liking difference value, the subset 
number representing the number of test subjects in a 
correlative, proportionate subset of the test subjects 

25 yielding the possible overall-liking difference value that 
would choose the stronger test sample over the weaker test 
sample in a forced choice comparison of the two test 
samples; and 

totaling the subset numbers corresponding to each of 
30 the possible overall-liking difference values to determine 
the total number of test subjects who would choose the 
• stronger test sample over the weaker test sample in a 
forced choice comparison of the two test samples. 

3. The method of claim 2, further comprising 
determining a percentage preference value by dividing the 
total number of test subjects who would choose the 
stronger test sample over the weaker test sample in a 
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5 forced choice comparison of the two test samples by the 
number of test subjects in the test group. 

4. The method of claim 2, wherein said stronger test 
sample has an average overall-liking value and said weaker 
test sample has an average overall-liking value and 
wherein the stronger test sample is defined to be the test 

5 sample of the two having the larger average overall-liking 
value. 

5. The method of claim 2, wherein said hedonic test 
data is obtained in integral, Likert scale format and 
wherein the overall-liking difference value for said given 
test subject equals the overall-liking value said given 

5 test subject assigned to the stronger test sample minus 

the overall-liking value said test subject assigned to the 
weaker test sample. 

6. The method of claim 1, wherein more than two test 
samples are sampled by each of said test subjects and 
wherein predicted forced choice preference results are 
determined for more than one pair of test samples. 
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